ABSTRACT A five-compartment pharmacokinetic model with two excretory pathways, exhalation and metabolism, based on first order kinetics is used to outline the effect of body build, pulmonary ventilation, and lipid content in blood on uptake, distribution, and clearance of low solubility gases and lipid soluble vapours during and after exposure. The model shows the extent that individual differences have on altering uptake and distribution, with consequent changes in blood concentration, rate of excretion, and toxicity, even when variations in these parameters are within physiological ranges. The model is also used to describe the concentration variation of inhaled substances in tissues of subjects exposed to concentrations with permitted excursions. During the same course of exposure, the tissue concentrations of low solubility gases fluctuate much more than tissue concentrations of lipid soluble vapours. The fluctuation is reduced by metabolism of inhaled substance. These conclusions are recommended for consideration whenever evaluating the effect of excursions above the threshold limit values used in the control of industrial exposures (by excursion factors).
exposure. 5 The model is a flow-limited system in which the rate constants are determined predominantly by tissue perfusion and by maximum volume of distribution of inhaled substance.3-7 Therefore, factors such as body build, changes in ventilation caused by work load, or changes in lipid content in blood caused by food uptake, affect the fate of inhaled substances. In this study the model was used to investigate the effect of variation in body build, pulmonary ventilation, solubility in blood, duration of exposure, and excursion factor on uptake, distribution, and clearance (exhalation and metabolism) of lipid soluble vapours and low solubility gases.
Methods

MATHEMATICAL MODEL
The model used in this study has five pharmacokinetic compartments, described by a set of five first-order differential equations (A-19 to A-23 in the appendix) linear to the first approximation.
Tissues are assigned to the pharmacokinetic compartments according to perfusion, ability to metabolise the inhaled substance, and solubility of the substance in the tissue. Lung tissue, functional residual air, and arterial blood form the central compartment "LG", in which pulmonary uptake and clearance take place. The partial pressure of inhaled vapour equilibrates with four peripheral compartments. Vessel-rich tissues form two peripheral compartments: BR-compartment includes brain, which lacks capability to metabolise most xenobiotics, and is treated as a separate compartment because of its biological importance and the toxic effect of many vapours and gases on the central nervous system. VRG-compartment includes tissues with sites of vapour metabolism such as liver, kidney, glands, heart, and tissues of the gastrointestinal tract. Muscles and skin form compartment "MG", and adipose tissue and white marrow form compartment "FG". The FG-compartment is treated separately, since the dumping of lipid soluble vapours in this compartment has a smoothing effect on (1) total uptake, (2) saturation (partial pressures equilibration) of brain, MG, and FG at the end of exposure and 24 hours after the start of exposure, (3) amount metabolised during the exposure day, (4) fraction of uptake metabolised during exposure, and (5) fractions of uptake exhaled or metabolised on the exposure day.
Results
The effect of body build and exposure duration on uptake, distribution, and clearance of four hypothetical substances (inert low solubility gas, for the studied low solubility gas within four hours, two hours, and one hour, respectively, for each alveolar ventilation. In steady state the partial pressure ratios of inert gas in tissues and air equal one. For the studied metabolised gas, the partial pressure ratios at steady state are 075, 082, and 0-88 respectively, for each alveolar ventilation, and uptake and amount metabolised increase about 3-8 % by increasing alveolar ventilation by 1 23 is explained by such increased transportation rate and retention rate of avpours in MG and FG compartments (fig 8) . The work load has no effect on uptake or body burden, once the steady state is reached.
The changes of blood-air partition coefficients in the range caused by food uptake had no significant effect on the fate of inhaled substance. According to the simulation, uptake during postprandial exposure is greater than during fasting, deposition in fat being enhanced but deposition in lean tissues (and with it related availability for biotransformation) being lowered, due to changes in tissueblood partition coefficients (fig 6) . Simulation by our model shows that the exposure duration has a striking effect on the ratio of fractions of uptake exhaled and metabolised (fig 4) . This agrees with experimental data. For 
